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ThyZny, 25 2 SmyFey; $48-S o] £3te 250 Tol4] 500 CAA] 16417k A 3tx 2] & 8to 2 W SmyFe,,
Nxe} Astaty o Ao gago] we 471548 za1shgic) Astzrlole B8 LETol AAFH(AW) o)
AZHE)oll Heted MM oz Zosim, of BAE ol g3l T3 AstAge] YN, Q=102.4
kJ /mole]et. SmyFeNx o) &7 54-& 2 4 3ekol] 27| o] Zajn SmoFep N, go] 24 9] A7) 544 Jehlglc},
°f AstEel waAsl, oMy As, oM 1) FEer: 27 M, = 1147 emu/cm’, K, =4.6 x 10’
erg /end’, K, = 6.0 x 107 erg /cm®, H, = 290 kOe ) 450 col},

I. M =2

AT 7P A3 dAdAEs FE4kn gle Nd,
Fe, B 31312 (1] olF Mz& of7aiidafgel bo] shut
3 z#=le] Sm(Fe, M)pl2, 3], SmyFe,Ti,[4],
SmyFe Nx(0 < x < 3)[5, 6] 5] 3H5tgo] wrz|oic},
oI5 33 Zof Sm,Fe ,Ny= Nd,Fe, Bell »)3}ed 75
BEAGA 1A 5 FeLeE Jebdoz o)y
252 82 FE2¢ whw 9th, SmyFe, Ny by
(rhombohedral) &) Th,Zn,, +25 7= Sm,Fe,; 3131
< 2 450 T~500 Tol|A] A -2 gkerjolrbrel 2
AlZlegA] AzeA Hed, ThZn, =9 AYF7ke
At A3 MR L o) Mo} oF 6 % Ax F)
A =19, o] A4 SmFe N0z F&sA o}
(5, 6, 7). SmyFe; Nyo| A7|54-¢ R astekol we} 27
wHakshe ez iz gloh, Aasiape] Zolak) u}e}
23S}, oAb W Felewsl FAHE Zoleid
SmyFe;;Nel 29 72t 163 emu /g, 26 T o 470 ¢}
HeH7]. &, SmFe;Nye 630 C ool #al7t A
2|5 & 7390l SmNF} a—Fez ABalE)mg o—Fe
o A4 AAF sled Aol A7 Ak SALY
FUEE AV 59 7o) A 9oH8][9].

£ Tl HE SmyFe, 31589 olejzkx] AszA|
& A2 zAlsigon, Zzte] Atz o
< Sm,Fe;;Nxo| A48kl whE 27]E4S 2A)shn

2} shich,

I. gy

szFeu 31382 99.9 % o]A+2] Sm W Fe &¥4-¢
ol-&3ted dErkr 29)7)9] ola g8l = (DAIAA, AC
M-01)oll 4 53] Wby B-afate] A zsbgict. o)w) Sm 3
e &84 Sme) Fug malsled 30 wt% Fstod
Aslgon, &3 & 1050 Col4] 59 St b ks
€ dPo 24 atel SmFe), 382 Azsqdct A
322l SmyFe;; 3152 45 um o5tz 248k &, 3
TEE AAY Aartad drigkez $xlabda] 250
T~500 To 2=F7oll4 16417 74=] Hstsich. A s
of ol Magake AsAe)Adxd 4w a4
(Cahan valance, model 1000)-& %8 S# 27z o
ohigle}. Az SmyFe Nyel 2}7)E 4 zbzte) s
< shebalat 4o] 15 kO R4 FollA] HadA|7] %, 3
W17 10 kO AFA)Helaul 20 € (LDJ, mod-
el 9500) % AHNl7IAg 70 kO 2AH = A EA) Hula
I E o8 (Janis 4500 /150A) & o] &3te] g3 egu}
&l sayalo g 24sle] zaleglc} AR FRE X
-413)4 4] (Rigaku 2028, Cu-Ka radiation) & 223}
o] ZASEIE, A33Aol= EPMA/ electron probe
micro analysis) & A}-8-3l¢ic},
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Fig. 1. Weight gain of Sm,Fe,; compound exposed to
the 1 atmospheric N, gas at (a) 250 ¢, (b) 400 T,
(c) 450 ¢ and (d) 500 ¢

Fig. 1% Sm,Fe;; 382 250 T~500 T2 A4
A71NA F-=] A7 A *17& Vi)el a2 Tﬁl—w}(
W)E 243 238 Jebd ZAeloh Fig. 1614 2x )
S} ol Ztztel AL g oll4] A7kl wWhE A|g FA F
7He 29, Askzr) of 1A27kR1E AWz JE ol A8t
of Aoz zA Frlsiclsl Ass) zlfysloﬂ wal
Al Fr4go] Az} wolA, SmyFe,, 3E-L 500 CollA
16417 dshA =g A AW =34 wt/A FAZIE
AL 5 glch. olwl X ge] FAFA) 45 AL A
ol etz FpAEhd ol R AL3ake Aldlo) r)s
gll, AW =34 wt%<] 2A%71= Th,Zn,, +z2] =
UF 7ol Az ok s YA SmyFe Ny Al awdgt
o}, oloh 22 whE o|&tod Ao 1.5<x<3.0
HLE 2= SmFe Ny & AlzE 4 g}

4, SmyFe;, 3359 z AN AWE
Viol st} Al F715 yoln], Aol Fakabd
< o5 A2 BAA o g Vel 4 Qi

x= Dt (1)
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Fig. 2. Temperature dependence of diffusivity of N
atom in Sm,Fe,; compound.

A714 re $445 Folw Dt 77 HaA4
5 AspAzhelch, 27] WSk Fol LYY a2
FA(x) & H443 BAE 24 =12[10], Fig. 1014
B s} ol AWs VT 94 4= BAS 2
S22 of BAE ol Bstel Thet 2e WANE S
4+ glet.

x[lcm] = A AW[wt% N] 2
AW=B, I (3)

oA7)4 Ak abgols, B 7Aztel ALl AW
sb JT @A A1g7101e A1), (2) % A(3)E 28
3] B,sh Del AAAE Fxod o83t 2k,

AB, Vi = VDt 4)
VD =AB,or D= (AB,)’ (5)

gt ghate] BAISHH o] Eofl o5t 250 uhE g4t
t}-&-3 7o) Arrhenius A A& wlEc},

D= D,exp(—Q/RT)
iInD=1InD, — Q/RT (6)

o714 InD( = (A B,)%) 2} 1/Tell tiste] Arrhen-
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ius plot-& 317 Fig, 204 B vls} o] 2l A e] ZA| 7}
dejzlet. 3714 Y&sel AL In D, 71$71= —Q
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Fig. 3. X-ray diffraction patterns of (a) Sm,Fe;;, (b)
SmyFe;N, 5 and (¢) SmyFe,N, ;.
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Sm,Fe;;N, 49 73$-<2lel Th,Zn,, +2¢ [303]3"A
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Btod wkejz ol sz} ok 5.8 % F-18kc), 4k Fig. 39
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Fig. 4. Saturation magnetization of Sm,Fe;:Ny as a
function of nitrogen content,

SmyFe ;Nyoll 4] & A 4= Sm(6c) —Fe(6ec), Fe
(18f) —Fe(18f) 1 Sm(6c) —Fe(18f) 7kel 1x171e]
Al g F7HA7] Zhzbe] ARE FA A7 24 HEF
A7l E o agES a4 FrA7)E Hez vy
I 9eH11]. Fig. 4+ zZ+7el Aaex ol 16412 A
b ste) Al x3 SmoFe Nyl L3x13HS 2 4 5}kl
e ebd Aoz, Aald 2823} 0, = 122 emu
/gl Badek x = 2077 E3bAsr A8 &
7heebrl x = 2.0 olAtollA FA43 Frlste] SmyFe,,
Ny 2l 74$- 6, = 165 emu /go. 2 2A] Z7}3hc},

Fig, 52 A43gke] 42 o3& SmyFeNyoll gl =}
3kej gtﬂf‘é% 22438 Azfelr}, 2Rlo| M B uls}
Zro] el 5+ AtAe Holl ulel 2A Frbete A3t
A 110 ¢4 Sm,Fe;N,,9 7% 450 CTZ 340 °C7}
Z71gcl (c) b o] x =199 7% 2719 Faje
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Fig. 5. Temperature -dependence of the magnetization
of szFelny.

(110 © % 450 T) 7} vebde 2 4 gl o]z g
7:’:’].§]'7]' 9{1'2\16] %l’iﬂl] %‘% )bl»gﬂoﬂ,(—]_‘e *]E_-Q] }Lu‘i%
SmyFeyN,,, WE-E SmyFe,, 7} 2432 oF 2 i},

i T ]
ol (a)
(:3: j
X0
= |
§ 300
®
2
g (L)
g
= W0
200 Sm,Fe N, at 42K 4
i
20 30 40 50 & 0 80 50
Applied Field, H (kOe)
T T T T T T T
1400 (b) B
1200 4
T ool (i) ]
o
=
c 300 |- b
5}
©
N 600 4
°
c
g’ 400 -
=
200 SmyFe,;N, , at 290 K 4
° L 1 ! L ) L . )

30 40 50 80 70 80 90

Applied Field, H (kOe)
Fig. 6. Magnetization curves of SmyFe;N, ; measured
at 4.2 K (a) and 290 K (b) along the papallel and per-
pendicular to the aligned direction.
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Fig. 62 A5 olA FYg SmyFe N, $2ke] 213}
Aoz (a) H (b)& 27 4.2 K 9 290 Kol 4] 2
5 vebd Zlelch of7)oll A AL 2 E A5 Ho}
BB o] §5te] 248 Atz 70 kOe o] Aboll 4]
=) 2 5A1(L) F A3 o] mhubx] ghol A A
7)ol o] wh§- F-& A AE 4 9lch,

T, AR oS e B AL 2]
AAE zejste] 52 o 33255419 Alate] 7b5s
7 o] 5 A&zl fitting Stm2H A A=}7|o|upidAlL
& T84 AA12][13). # dFelxE SmFepN, o]
AR A7) o)A T3] $isted AA =7 o] ubA ol
vz 2t H=lol| L] 2] (magnetostatic energy) 3akg 3
eioto] 2854l Al 2 A5 Ykl fitting
she WS AMEElnt. &, qlole] A H stolla 2t
ZAA" o) e A71UA GE A (7) 3 7o vepd 4
et

-

2
A5

G = K;sin®0 + Kysin'® — MsHcos(s — 6)  (7)

A7) A, K, 4 K= AR A7) o ubad Abg=o0]n] g ) §
= 47 ZAshgo)E4l c-Fo] A3t Ms 2 glshabar Het
o= Zolch, 7t qxtel AHstE Al (7) 9 Aol x| G
7t Haot HEE 05 AAste] A4alslgony & =3
M2 Aol Aag Y=trt 4] (8) 7 2bo] 7po-rxm
EE olFa Z A ellAe] =st3] o] homogeneous
SHA| o] FolAlctm A sled A2l

flg) =exp(—¢’ /2¢)) / fexp(—¢* /20, )dew  (8)

A7)l o= AAR 9] cEo) 2=
€ Zxoln g AR TS £ Z

AR S oolshed AGAS 2935 v)ustel

o

Fig. 6 (a) " (b)oll A & A48 oz vephil gt-e 9o
o4l Ardgh whg o] gsle] Tk 49 o 4] Azt
Aoz of 20 kOe o] 4] 32444 ododoil 4] Al A z}o}
g A AdAgE 4 4 et 20 kOe o312 = A of
Aol A= zhH o] Foll 913t A3zt o] B3telo] vieh}
22 At dAFA] ghol o] Bauo) ELe fit
ting #Aolj A mad5h=] gkeket,

Table 1oj #}3}241 fitting®-2 o] &3}ed T4 7 A
Aol As K, K, o A3 Ms 5 Aejslo] vie}
W el B upetzko] SmyFeN, o2 4.2 Kol 4]
K =7.7%x10 erg/cm® % K,= 1.8 x 10°* erg /cn?®
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2z 290 Kol K, =4.6 x 10" erg/cm’® o K, =
6.0 x 107 erg /cm’e) &8 AAA7 oA A45 1IEL
Aok, g, H, = (2K, + 4K;) / M2] BA AL o] &3}
of 73} oA 42 K 2l 290 Koll4 77t 650
kOe % 290 kOe2| & vielligict.

Table 1. Intrinsic magnetic properties of Sm,Fe;;N,
calculated by fitting method.

M, K, K, Po Ha

Temp. ; ; .

(G) ferg/em’) (erg/em’)  (°)  (kOe)
42K 1350 77x10 18x10° 13.8 650
200K 1147 46x100 60x10° 12.3 290

N.E E

o}z248| 28 o|&3le rhombohedral Th,Zn;, =

7ZHe SmyFe,; 31582 A =3l o] 33rE9] A5k}

2 Akl B 27| A& A ot RS

£& dglth

1) Sm,Fey; B3HE-2 250 T~500 T2} =¥ oA
16417 "A3A e o 24 SmFe Ny(0<x<3)
£ Az 4 9lon], Al 9J3le] whelze] A
o] 5.8 %07tA] F743kch,

2) AstxrlolE E 74 AL(aW)
o] AZHE)el dste] AAH ez Frlsle, ol
HAE o] &35t T3 AstAA o] FA SR, Q
= 102.4 kJ /mole] e},

3) AFHA-L wA] A8 FHl SmyFe; Ny g0 FA4=
%, A B2 o] AFo| FolAdA APHct,

4) SmyFeNxo| A7154L ALd ko] 2A 2| E3}
=, 229 27| EAE Vel & SmyFe N9l 7
5 233}, o)A Al ol bAd A W] el e e
Z}zb M,=1147 emu/cn?, K,=4.6x10
erg /cm®, K,=6.0x 107 erg /cm® , Hy =290
kOe % 450 Colr}.
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‘The nitrogenation process and magnetic properties of Sm,Fe;;N, (0 < x < 3) were investigated, During the initial
nitrogenation process, the nitrogen content had linear relation with the square root of nitrogenation time, and the
activation energy for the process was calculated to be 102.4 kJ /mol. The magnetic properties of Sm,Fe;;N, were
strongly dependent on the nitrogen content and the composition having SmyFe;N, s showed optimum magnetic
properties with a Curie temperature of 450 oC. The intrinsic magnetic properties of the nitride at room temperature
were M, = 1147 emu /cm’, K, = 4.6 X 10" erg /em®, K, = 6,0 X 107 erg /cm® and H =290 kOe, respectively.



